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METHOD AND APPARATUS FOR
MANIPULATING AN ORGANIC LIQUID
SAMPLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. patent appli-
cation Ser. No. 10/356,687 filed Jan. 31, 2003, which 1s a

Continuation-In-Part of PCT Application No. PCT/US03/
00476 filed Jan. 8, 2003 which 1s a Continuation-In-Part of
U.S. patent application Ser. No. 10/041,703 filed Jan. 8,
2002 Rapid Thermal Cycling Device.

FIELD OF THE INVENTION

The invention relates to an apparatus and method for
purifying 1ons i a liqud sample. The mmvention of the
present application also addresses an apparatus and method
for applying ultrasound energy to a liquid sample.

DESCRIPTION OF THE RELATED ART

It 1s desirable to have the capability to apply ultrasonic
energy to liqud samples contained in the wells of a well
plate. Well plates containing wells for 96, 384 and 1536
liquid samples currently are available. As used herein, the
term “ligmd” refers to pure liquids, as well as liquids
containing particulate matter (especially biological material
containing for example, proteins, DNA, or cells) and sol-
vents contaiming solute. Ultrasound (ultrasonic energy) has
been used for many years as a method to shear large
molecules nto smaller fragments and to disrupt plant or
ammal cells, thereby releasing the cellular contents into
solution. Ultrasound also has been used to assist in the
solubilization of compounds or chemicals and to promote
chemical reactions. A number of different sonicators cur-
rently are available. A ‘sonicator’ 1s an instrument that
transmits ultrasound into a solution or material. Sonicator
systems usually are comprised at a minimum of a controller,
amplifier and sonic horn. The horn is typically shaped to
maximally transmit the ultrasound energy into the desired
sample. A “microtip” horn has been produced and 1s avail-
able commercially. The microtip horn directs ultrasound
energy to a single tip that can be imserted mnto a liquid
sample. The microtip horn can be used to sonicate small
samples either i tubes or individual wells of a well plate.

The microtip horn suflers from the deficiency that 1t can
sonicate only one sample at a time, not the, say, 1536
samples 1n a well plate with 1536 wells. Microtip horns also
suiler from the problem that the tip tends to shear away from
the main body of the horn due to the high energy input into
the small-diameter tip. In addition, the horn cannot be
reliably cleaned between uses to avoid cross contamination
of the samples.

It 1s desirable to have the capability to segregate 1ons in
liquid samples 1n wells 1n a well plate based on the electrical
charge of the 1ons. For example, during PCR or Cycle
Sequencing of DNA, reaction components are removed
from the solution prior to subsequent steps and DNA that has
been amplified must be purified (segregated) from the
unused reactants and other products. Nucleic acid amplifi-
cation 1s typically performed by thermal cycling reactions 1n
the presence of a thermostable DNA polymerase such as Taq
Polymerase. The solution 1n which the amplification occurs
typically contains many different components imncluding but
not limited to, a bufler, nucleotide triphosphates, magnesium
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2

chloride, potassium chlonde, dithiothreotol, DNA, oligo-
nucleotides, and the DNA polymerase (e.g. Taqg). Once the
amplification process of the DNA 1s complete, the reaction
solution contains not only the components listed above but
reaction byproducts as well. The amplified nucleic acid must
then be purified from this mixture before additional steps
can be performed. There are a number of methods by which
DNA can be purified including size exclusion chromatog-
raphy, gel electrophoresis, and 10n exchange chromatogra-
phy. Other typical methods to “punity” the DNA all are
modifications of the above three methods. All of the cur-
rently available methods to “purity” the DNA products from
solution require multiple additional steps and transfer of the
product solution from the original reaction container into at
least one additional container. It would be beneficial to be
able to perform both nucleic acid amplification and purifi-
cation 1n the same well of a well plate serially and without
further additions to the well.

In 10on exchange chromatography, molecules of one charge
(e1ther positive or negative) are attracted to molecules of the
opposite charge that are immobilized onto a solid support,
usually a glass particle or insoluble organic support. The
insoluble support material 1s then serial “washed” with
solutions containing higher and higher concentrations of a
specific salt (typically sodium chloride). As the salt concen-
tration 1ncreases, the 1ons 1n the salt solution “compete™ for
the 10n binding sites on the solid support with the result that
at low salt concentrations, molecules with low net charge are
competed from (released from) the solid support while
molecules with higher net charges remain bound to the solid
support.

Nucleic Acids, including Deoxyribonucleic Acid (DNA)
and Ribonucleic Acid (RNA), are polymeric anions. As
such, they will be attracted by insoluble supports that
contain a positive charge (cathodes) and repelled by
insoluble supports that contain a negative charge (anodes).
Nucleic Acids have been successiully purified from hetero-
geneous solutions by 1on exchange chromatography using
various types of msoluble support materials. Typically, this
1s done through the addition of an 10n exchange material into
the solution containing the nucleic acid and manipulation of
the 1onic strength of the solution through the addition of
small 1norganic 1ons to allow binding of the nucleic acid to
the insoluble support. Once binding of the nucleic acid to the
insoluble support has occurred, the solution, and hence the
“mmpurities”, are removed from the soluble support by
sequential “washing” of the support. By manipulating the
ionic strength of the wash solution, some means of control
over the size (length) of the nucleic acid polymer that
remains attached to the support can be achieved. The 1ons in
the wash solution compete for binding to the surface charge
on the 1nsoluble support with the nucleic acid and hence, the
degree of nucleic acid binding can be crudely regulated by
changing the concentration of 10n 1n the wash solution. At a
relatively low 1onic strength (e.g. Distilled water) nucleic
acid binding to the insoluble support 1s nearly independent
of size. As the 10nic strength of the wash solution increases,
the shorter length nucleic acid polymers will elute from the
support first, followed by longer polymers as the ionic
strength of the wash solution increases.

One of the major problems with the current methods and
devices for purnification by 1onic interaction is that the
support materials have a fixed surface charge that cannot be
changed. The support materials are usually described 1n
terms of “weak,” “moderate,” or strong amion/cation
exchange resins. Fach of these “resins™ 1s actually a different
material with different physical properties. In order to
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change the surface charge, different materials are used as the
support, or counter 1ons are used to eflectively mask the
charge.

SUMMARY OF THE INVENTION

U.S. patent application Ser. No. 09/655,021 entitled Rapid
Thermal Cycling Device filed on Sep. 5, 2000 and U.S.
patent application Ser. No. 10/041,703 entitled Rapid Ther-
mal Cycling Device filed Jan. 8, 2002 teach generally the use
of a lid for a well plate, the I1id having pins depending from
the lid for insertion 1nto the wells of a well plate. The pins
extend from the upper side of the lid through the 1id and into
the wells of the well plate, the pins contacting the liquid
samples 1n the wells. The upper side of the pinned lid 1s 1n
thermal communication with the liquid samples through the
pins, allowing control of the temperature of the lhquid
samples by application of heat to or removal of heat {from the
upper side of the Iid.

As used 1n this application, the term “pin” means any
clongated member. For purposes of this application, a Iid
having pins consistent with the present invention 1s referred
to as a “pinned lid.”

The present Invention provides for the sonication of liquid
samples contained in a well plate, for example a well plate
having 1536 wells with each well having a volume of 6 ul.
A pmned lid 1s provided for the well plate. A sonic horn
applies ultrasonic energy to the ends of the pins on the upper
side of the lid. Each pin transmits ultrasonic energy from the
upper side of the lid to each liquid sample, sonicating each
liquid sample. A resilient gasket may be applied to the lower
side of the l1id to segregate the contents of each well from the
contents of every other well in the well plate. Pins may be
resiliently mounted to the lid so as to allow movement of the
pins 1n a direction normal to the plane of the 1id, allowing the
pins to move 1n response to pressure applied by a peltier
device or sonic horn. Resiliently mounted pins allow the
peltier device or sonic horn to contact all of the pins.

The present Invention provides for segregation of ions
having different electrical charges in liquid samples con-
tained 1 wells of a well plate. A well plate 1s provided with
a pinned lid. Each pin 1s composed of, coated with, or
includes on 1ts surface a maternial that 1s capable of being
clectrically charged; that 1s, of containing a net electrical
charge on 1ts surface. An electrical charge, for example a
positive charge, 1s applied to a pin. Since the pin 1s 1n contact
with the liquid sample, any negatively charged 1ons will be
attracted to and bound to the positively charged pins. By
varying the net positive charge on the pins, molecules of
differing net negative charge can be 1solated. For example,
initially, a high net positive charge may be imparted onto the
pins causing the majority of negatively bound 1ons in the
reaction solution to be bound to the pin. The pin can then be
removed from the solution and placed into another solution
(water, buller, etc.) and the net positive charge on the pin
decreased with the result that molecules with a low net
negative charge will be released into solution. This process
can be repeated as necessary 1n order to segregate the desired
molecules. The segregation of a material from the liquid
sample 1n a well of a well plate by application of an electrical
charge to a pin 1s referred to 1n this application as “electrical
charge segregation.”

The present Invention also 1s an apparatus and method for
selectively applying any of the steps of thermal cycling,
sonication or electrical charge segregation 1n any sequence
to a liquid sample contained 1n a well of a well plate.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and form a part of the specification, illustrate the embodi-
ments of the present invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 1s a well plate contaiming liquid samples

FIG. 2A illustrates a pinned lid.

FIG. 2B 1s an enlarged view of a pinned lid.

FIG. 3 illustrates a pinned lid installed on a well plate.

FIG. 4 1s a plan view of a lid showing holes to receive
pins.

FIG. 5 1s an alternative for mounting pins in a lid.

FIG. 6 illustrates a pinned lid including locating ears.

FIG. 7 illustrates an automated apparatus for manipulat-
ing samples contained 1n multiple well plates.

FIG. 8 1s a schematic showing application of an electrical
charge to the pins by an electrical charge device.

FIG. 9 15 a schematic showing application of sonic energy
to the pins by a sonic horn.

FIG. 10 1s a schematic representation of a technique for
purification of a liquid using the present mnvention.

FIG. 11 1s a schematic showing application or removal of
heat from the pins and from the liquid sample for control of
the temperature of the liqud sample.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In describing an embodiment of the mvention, specific
terminology will be selected for the sake of clarity. How-
ever, the invention 1s not intended to be limited to the
specific terms so selected, and 1t 1s to be understood that each
specific term i1ncludes all technical equivalents that operate
in a similar manner to accomplish a similar purpose.

From FIG. 1, a well plate 2 1s a contamner for the
simultaneous manipulation of numerous liquid samples 4
contained 1n wells 6. A pinned lid 10 1s provided for the well
plate 2. The pinned lid 10 covers each of the wells 6 1n the
well plate 2 and serves to prevent evaporation of the liquid
samples 4 or contamination of a liquid sample 4 by another
liquid sample 4. The lid 10 may be composed of a circuit
board material or of any other sufliciently rigid material 12
and may be injection molded. Pins 14 (FIG. 2A) penetrate
the lid 10. Each of the pins 14 has an upper end 16 and a
lower end 18 (FIG. 2B). The upper end 16 of a pin 14
penetrates the lid 10 through a hole 20 (FIG. 4) in the 1id 10.

The lid 10 engages well-plate 2. Ears 22 (FIG. 2B) on the
lid 10 mate with slots 24 (FIG. 3) on the well plate 2 to
accurately locate and guide the 1id 10 so that the pins 14 do
not touch the well plate 2 during installation or removal of
the lid 10 from the well plate 2. When the 11id 10 1s installed
on the well plate 2, each pin 14 projects 1nto a well 6 of the
well plate 2. A pin 14 may physically contact the liquid
sample 4 contained 1n the well 6 mnto which the pin 14 1s
inserted.

A gasket 26 (FIGS. 2B, 3) may be provided to seal the I1id
10 against the wells 6 of the well plate 2, inhibiting
evaporation of the liquid sample 4 during repeated heating
and cooling of the sample 4 during thermal cycling. The
gasket 26 1s composed of a resilient material, such as
silicone rubber. The gasket 26 may appear as a thin layer of
resilient material applied to the lower side 28 of the 1id 10.
The gasket 26 also 1s useful 1n preventing microparticulate
drops of liquid sample 4 from moving from one well 6 to an
adjacent well 6 during sonication. The degree of sealing of
the wells 6 required may vary with the application. Depend-
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ing on the application, the lid 10 may be provided with a
gasket 26 under the entire 11d 10, a perimeter gasket 26 only,
or no gasket 26 at all.

The upper end 16 of each pin 14 1s supported by a resilient
layer 30 located on the upper side 32 of the lid 10. The
resilient layer 30 1s composed of silicone rubber or any
suitable resilient material. The pin 14 1s able to ‘float’ on the
resilient layer 30; namely, to move 1n the direction normal
to the plane of the upper side 32 of the Iid 10 1n response to
pressure applied to the pin 14 by, say, a peltier device 34
(FIG. 11) or sonic horn 36 (FIG. 9). Because each pin 14 1s
able to ‘tloat,” minor differences in the height of the pins 14
above the upper side 32 of the Iid 10 may be overcome by
clastic deformation of the resilient layer 30 so that each pin
14 will contact the peltier device 34 or sonic horn 36.

A plurality of holes 20, substantially the diameter or
slightly greater in diameter than the pins 14 are drilled or
molded 1nto the 1id 10 on a dimensional array corresponding,
to the dimensions of the well plate 2 that will be used. For
example, for a well plate 2 having a 32 by 48 array of wells
6, the holes 20 would be drnlled 1n a 32 by 48 array with a
center to center spacing of 2.25 millimeters. The 1536 pins
14 are then inserted through the holes 20 such that the pins
14 protrude beyond the gasket 26. Based on the depth of a
standard 1536-well plate 2, the pins 14 will protrude
approximately 3 mm from the bottom surface 28 of the Iid
10. The pins 14 may protrude from 3 mm for a well plate 2
having 1536 wells 6 to greater than 45 mm for a deep well
plate 2 having 96 wells 6.

The plurality of holes 20 and the number and location of
pins 14 match the number and location of wells 6 1n the well
plate 2 for which the lid 10 will be used. For well plates 2
having 96 wells 6, the pattern of holes 20 and pins 14 1s a
regular array of 8x12 holes 20 and pins 14. For well plates
2 having 384 wells 6, the pattern of holes 20 and pins 14 1s
an array of 16x24 holes 20 and pins 14. For well plates 2
having 1536 wells 6, the pattern of holes 20 and pins 6 1s an
array of 32x48 holes 20 and pins 6.

Alternatively, the pins 14 and holes 20 may be sized to be
an interference fit and the pins 20 may be retained 1n the lid
by compression. Knurls 38 (FIG. 5) or heads may be formed
on or near the top of each pin 14 to assist 1n the retention of
the pins 14 by compression and may prevent the pin 14 from
sliding completely through the hole 20 1n the lid 10. Other
means for attaching the pins 14 may be used, for example,
providing the upper surface 32 of lid 10 with a copper
cladding and soldering the upper end 16 of each pin 14 to the
copper clad surface or bonding the pin 14 to the Iid 10 with
an adhesive or with heat.

The pins 14 may or may not protrude from the upper side
32 of the id 10. Depending on the application, the pins 14
should protrude above the upper side 32 of the lid 10 by an
amount adequate to allow all pins 14 to engage a peltier
device 34, sonic horn 36 or other means for imparting or
removing energy to or from the pins 14, but preferably by
not more than 1 mm. The pins 14 should be constructed from
a material suitable to the application. Where sonication and
thermal cycling will be performed on liquid samples 4 1n the
wells 6 of the well plate 2, the pins 14 should be constructed
from a material that will conduct heat and sonic energy and
that will not be damaged by the heat and sonic energy.
Where electrical charge segregation will be performed, a
material capable of carrying an electrical charge on 1its
surface must be mcorporated 1nto the pins 14, either 1n the
pin composition or as a coating for all or a portion of the pin.

For example, pins 14 constructed from plain brass may be
suitable for sonication. Where sonication, thermal cycling
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and electrical charge segregation will be performed, pins 14
may be constructed from brass cylindrical stock coated with
a 5 micron nickel layer followed by a tin/lead coating. Other
materials such as aluminum, gold, copper, or other metals
could be used along with certain ceramics and plastics.

A portion of the pin 14 that extends from the bottom side
28 of the 1id 10 1s designed to make contact with the sample
4 stored 1n the respective well 6. The pin 14 lengths and the
amount of liquid sample 4 may be adjusted to ensure that the
pins 14 are at least partially submerged 1n the liquid sample
4. In the thermal cycling embodiment of the present Inven-
tion, the temperature of the upper end 16 of the pins 14 1s
changed, as by a peltier device 34, thermal block or a jet of
heated or cooled arr. Accordingly,, as the temperature of the
upper end 16 of a pin 14 1s changed the temperature of the
lower end 18 of the pin 14 1s changed, thereby directly
heating or cooling the sample 4. In the sonication embodi-
ment, an ultrasonic horn 36 transfers sonic energy directly to
the upper end 16 of the pmn 14. The sonic energy 1s
transierred through the pin 14 and into the liquid sample 4,
sonicating the liquid sample 4. In the electrical charge
segregation embodiment, an electrical charge 1s applied to
the upper end 16 of a pm 14, which transmits the charge to

the lower end 18 of the pin 14 and hence to the liquid sample
4.

In the sonication and electrical charge segregation
embodiments, 1t 1s necessary for a pin 14 to be partially
submerged 1mn and hence to physically contact the liquid
sample 4. In the thermal cycling embodiment, 1t may not be
necessary for a pin 14 to actually contact the liquid sample
4, depending on the application. The close proximity of the
heated (or cooled) pin 14 may be adequate to thermally cycle
the liquid sample 4 without immersing the pin 14 1n the
liquid sample 4.

The volume of the pin 14 immersed 1n the liquid sample
4 may be selected based on the application. For thermal
cycling and electrical charge segregation operations, the
portion of the pin 14 that 1s 1nserted directly into the liquid
sample 4 should have a volume of approximately 10% of the
liquid sample 4 volume. This comparatively large volume
pin 14 1nsures rapid temperature equilibrium 1n the sample
4 1 during thermal cycling as well as a relatively large
surface area for the binding of 1ons for electrical charge
segregation. Also, the pin 14 can be designed to maximize
surface area such that heat transfer between the liquid
sample 4 and the pin 14 1s optimized or the surface area 1s
maximized for electrical charge segregation. The larger the
pin 14 cross sectional area, the faster the heat transfer and
the greater the surface area for electrical charge segregation
(surface area of a cylinder=(pi)r*h). For sonication, different
ratios of the immersed volume of the pin 14 to the hiqud
volume may be appropriate.

If the pin 14 directly contacts the liquid sample 4, the
temperature of the sample 4 may be more quickly brought to
a desired temperature during thermal cycling by the appli-
cation of heat or removal of heat from the upper end 16 of
the pin 14. Depending on the application, 1t may not be
desirable for the pin 14 to physically contact the liquid
sample 4, and a lid 10 may be designed to provide for no
physical contact between the pin 14 and the liquid sample 4.
Thermal cycling by changing the temperature of the pin 14
may nonetheless change the temperature of the liquid
sample 4 because of the proximity of the heated or cooled
pin 14 to the liquid sample 4. For sonication or electrical
charge segregation, direct contact between the pin 14 and the
sample 4 1n the well 6 of the well plate 2 1s necessary.
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The composition and construction of the pins 14 may be
determined so as not to interfere, or to interfere only 1n
desired ways, with the reactions and operations to be per-
formed on the liquid samples 4. In some applications, metal
pins 14 may be coated with a plastic or other inert material
so that the metal will not interfere with the reaction. Pins 14
can be coated with gold, polypropylene, polystyrene, or
other metals, plastics, ceramics or other materials that are
biologically or chemically inert.

Pins 14 may be cylindrical 1in shape. Rectangular, hex-
agonal, elliptical, star or other shaped pins 14 also may also
be used. The tip of the pin 14 that protrudes into the liquid
sample 4 can be concave or convex, and may have ridges or
other structures that can trap small quantities of liquid
sample 4. One advantage of the present Invention is that
alter the liquid samples 4 are manipulated through PCR or
cycle sequencing reaction or other operation, the Iid 10 can
be removed and each pin 14 used as a temporary storage
device for a small amount of the liquid sample 4 that was
contained in the well 6. I1 the reaction 1s to be repeated, the
l1d 10 with the small quantities of liqud samples 4 attached
to the pins 14 may be placed onto a second well plate 2. The
small amount of liquid sample 4 on the pins 14 1s thereby
added to the wells 6 of the second well plate 2 along with an
appropriate media to generate new liquid samples 4. The Iid
10 can also be used to place small amounts of sample 4 onto
other substrates. Fach pin 14 may trap a small amount of the
liquid sample 4 due to the shape of the pin 14; alternatively,
a portion of the sample 4 material may be bound to the pin
14 through eclectrical charge segregation for transfer to
another well plate 2 or for further mampulation.

In thermal cycling operations, the peltier device 34 or
other source of heating and cooling selectably may contact
some or all of the pins 14. For example, a peltier device 34
may be configured to contact specific rows or columns of
pins 14, thereby heating and cooling the specific rows and
columns independently from the other pins 14. Similarly, an
ultrasonic horn 36 selectably may contact only specified pins
14, sonicating only the liquid samples 4 into which the lower
ends 18 of the specified pins 14 are immersed. For selective
clectrical charge segregation, an electrical charge may be
applied to specified pins 14, while a different charge 1is
applied to other of the pins 14. Samples 1n different wells 6
ol a single well plate 2 therefore may be separately manipu-
lated and subjected to different operations.

The Society for Biomolecular Screening (SBS) has pro-
posed a standard well plate 2 configuration for a well plate
2 having 1536 wells 6 which will allow 1536 liquid samples
4 to be simultaneously manipulated. The overall dimensions
ol the proposed standard well plate 2 having 1536 wells are:
85.48 mm 1n width, 127.76 mm 1n length, and 14.35 mm 1n
height. The well-to-well spacing on the 1336-well plate 2 1s
2.25 mm center to center. Other well plates 2 in common use
include well plates 2 having 96 wells 6 and well plates 2
having 384 wells 6. The well plate 2 having 384 wells 6 1s
4.5 mm center to center.

The well plates 2 of the present Invention conform to the
proposed SBS standard in all aspects except for the posi-
tioming slots 40 (FIG. 3) to accept and locate the pinned lid
10 (FIG. 2A). Positioning slots 40 are provided on both short
sides of the well plate 2 such that the pinned lid 10 can be
positioned directly upon the plate 2 without the pins 14
contacting the side walls of the wells 6. The 1id 10 includes
two or more plastic ears 42. These plastic ears 42 mate with
the positioning slots 40 and position the lid 10 on the plate
2 such that the each pin 14 1s inserted directly into 1its
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corresponding well 6. The ears 40 serve to protect the pins
14 both from contamination and from potential damage.

Multiple well plates 2 contaiming liquid samples 4 1n the
wells 6 and having pinned lids 10 may be manipulated by an
automated apparatus 44. The automated apparatus 44 may
accept from one to six well plates 2, including liquid
samples 4 and pinned lids 10. Well plates 2 having any
number of wells 6 may be used, including well plates 2
currently available with 96, 384, or 1536 wells 6. When fully
loaded with si1x 1336-well plates 2, the automated apparatus
44 can process more than 9000 samples 4 at one time. The
tray 46, onto which the plates 2 are placed, contains an
interlock system that positions each plate 2 precisely. This
tray 46 can be loaded either manually or robotically with
well plates 2 having liquid samples 4 1n the wells 6 and
having a pinned lid 10. When the tray 46 1s moved into the
automated apparatus 44, the peltier device 34, sonic horn 36,
or electrical charge device 48 (schematically represented 1n
FIG. 12) may be brought into contact with the lid 10. The
sequence ol operation and parameters of operation of the
peltier device 34, sonic horn 36 or electrical charge device
48 are seclected by the user to meet the needs of the desired
mampulation of the liquid samples 4. The automated appa-
ratus 44 may provide for sonication using the sonic horn 36
to release genetic material followed by thermal cycling
using the peltier device 34 for DNA amplification, followed
by electrical charge segregation using the electrical charge
device 48. Conversely, any sequence ol operation may be
selected by the user.

When the peltier device 34, sonic horn 36, or electrical
charge device 48 i1s applied to a well plate 2, the peltier
device 34, sonic horn 36 or clectrical charge device 48
applies a slight pressure to the lid 10. The pressure applied
to the 1id 10 compresses gasket 26 around each of the wells
6 thus making each well 6 sufliciently air and liquid tight to
sufliciently 1solating the contents of each well 6 from the
contents of every other well 6 and to prevent evaporation,
consistent with the requirements of the operation.

Application of pressure by the peltier device 34, sonic
horn 36 or electrical charge device 48 also serves to allow
the peltier device 34, sonic horn 36 or electrical charge
device 48 to operatively contact the upper end 16 of each of
the pins 14. Each of the pins 14 1s mounted 1n a hole 20
through the lid 10 and 1s supported by a resilient layer 30.
Application of pressure by the peltier device 34, sonic horn
36 or electrical charge device 48 presses the upper end 16 of
the pins 14 into the resilient layer 30, allowing all of the pins
14 to directly contact the peltier device 34, sonic horn 36 or
clectrical charge device 48 and overcoming any minor
differences 1n height of the pins 14.

The pinned lid 10 may be used for thermal cycling of
liquid samples 4 1n the wells 6 of a well plate 2. Pins 14 1n
the pinned lid 10 are constructed of a heat conducting
material. The temperatures of the upper ends 16 of the pins
14 are adjusted by using a conventional peltier device 34.
Alternatively, other means of heating and cooling the upper
end 16 of the pins 14 may be used, such as directing a heated
or cooled stream of air over the upper end 16 of the pins 14
or applying a conventional heat/cold block to the upper end
16 of the pins 14. Heat 1s transmitted the length of the pin
14 and transferred to or from the liquid sample 4, controlling
the temperature of the liquid sample 4. The lower end 18 of
the pin 14 may be immersed in the liquid sample 4 for
thermal cycling, or the lower end 18 of the pin 14 may be
in close proximity to the liquid sample 4.

The pinned lid 10 may be used selectably to transter sonic
energy to, or “sonicate,” a liquid sample 4. The primary uses
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of sonication using the pmned lid 10 are to shear large
molecules such as nucleic acids or proteins into smaller
molecules or to disrupt bacteria, fungal, mammalian or other
cells, thereby releasing the contents of the cells into the
liquid sample 4. Sonication through use of the pinned lid 10
can also be used to help solubilize particulate matter such as
small organic or inorganic molecules or to promote a chemi-
cal reaction.

To transier sonic energy to a liquid sample 4 1n the well
of a well plate 2, a conventional sonic horn 36 or other such
conventional device 1s brought into physical contact with the
upper end 16 of the pin 14, the lower end 18 of which 1s
immersed 1 a liqguid sample 4. The sonic hom 36 1is
energized, generating sonic energy. The sonic energy from
the horn 36 1s transierred to the pin 14 1n the lid 10, causing
the pin 14 to vibrate ultrasonically. The vibrating pin 14
sonicates the liquid sample 4.

Use of a pinned l1id 10 to sonicate liquid samples 4 1n the
wells 6 of a well plate 2 has several advantages over the
alternative of a sonic horn 36 with multiple tips for insertion
into the wells 6. First, since well plates 2 are commercially
available 1n different heights ranging from approximately 3
mm to greater than 45 mm, it 1s relatively simple and
inexpensive to produce pinned lids 10 of various sizes to
mate operably with an intended well plate 2. While con-
struction of a sonic horn 36 with multiple tips for insertion
into the wells 6 of a well plate 2 would be possible, such a
sonic horn 36 would be expensive. In addition, the use of a
pinned lid 10 avoids the expense of constructing multiple
sonic horns 36 because only one sonic horn 36 1s needed to
accommodate the various well plate 2 heights and formats
(well plates 2 having 96 wells, 384 wells, or 1536 wells).

A second advantage of using a pinned lid 10 for sonication
1s that the pinned lid 10 1s fully disposable, thus removing
the need to clean a horn 36 with multiple tips between uses
with the possibility of cross contamination. The pinned lid
10 also prevents airborne contamination of liquid samples 4
during sonication. When a sample 4 1s sonicated, micropar-
ticles of fluid become airborne. With a sonic horn 36 having,
multiple tips, 1t would be diflicult to contain the micropar-
ticles of fluid within the confines of a single well 6 of the
well plate 2. Since the pinned lid 10 contains a gasket 26,
cach well 6 of the well plate 2 1s 1solated from all the other
wells 6.

In order to demonstrate the utility of the pinned 1id 10 for
sonication of liquid samples 4 1n a well plate 2, the following
experiment was conducted. £. coli bacterial strain, DH10B
was grown overnight to confluence i LB broth. 500 ul of
this media was centrifuged in order to concentrate the
bacteria and the bacterial pellet was washed 3 times with 200
ul of TAE buffer. After the final wash, the bacteria were
resuspended 1n 200 ul of TAE. 10 ul of this bacterial solution
was then placed 1n each well 6 of a 384 well plate 2 and a
pinned lid 10 was applied to the plate 2. A sonic horn 36 with
dimensions 85 mm by 120 mm was then brought into contact
with the pinned lid 10 and 10 by 1 second pulses was applied
to the Iid 10. The sonicator was a 1500 watt system used at
50% amplitude. After sonication of the samples 4, the 10 ul
samples 4 were removed and centrifuged to pellet insoluble
material. Lysis of the bacteria was followed by release of
bacterial DNA 1nto solution via horizontal gel electrophore-
s1s. Sonication of the bacterial solution resulted not only 1n
the lysis of the bacteria as observed by the release of DNA
into solution but also resulted 1n the shearing of the bacterial
DNA 1into smaller fragments. Bacterial chromosomal DNA
1s a circular strand containing approximately 20 kB. After
sonication, a small amount of uncleaved DNA 1s observed at
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the well/gel interface showing that the uncleaved DNA
could not enter the gel. The majority of the DNA was
sheared into small 2 kB fragments. The control lane, treated
identically except that i1t was not subjected to sonication
shows no release of DNA into solution. Plating of the
sonicated and control bacterial samples onto LB agar
showed a 10° fold reduction in the number of bacteria
present after sonication. These results indicate that the

pinned lid 10 can be used successtully to transfer sonic
energy irom a sonic horn 36 into a sample 4 contained
within the wells 6 of a well plate 2. Additionally, these
experiments showed that 100% of the wells 6 of a 384 well
plate 2 could be sonicated using this technology.

The pinned lid 10 may be used to purily material 1n a
liquid sample 4 1n a well 6 of a well plate 2. For example,
a positive or negative electrical charge may be placed on the
surface of the pins 14 1n a pmned lid 10. The electrical
charge may be generated or transmitted by a conventional
clectrical charge device 48, which may be a conventional
DC power source or may be a conventional source of
clectrostatic charge. If a positive charge 1s applied to the pins
14 then the pins 14 attract negatively charged molecules 1n
the liquid sample 4 in which the pins 14 are placed. The
more negatively charged the molecule, the higher the bind-
ing aflinity of the negatively charged molecule to the posi-
tively charged pin 14. The lid 10 and the pins 14 with
negatively charged molecules bound to the pins 14 may then
be removed from the original liqmd sample 4 and placed in
a new liquid sample 4 and the electrical charge on the pin 14
can be changed, thereby transfusing the molecules to the
new liquid sample 4. In this way, negatively charged mol-
ecules can be rapidly removed from the original liquid
sample 4 resulting 1n a purified liquid sample 4. The pin 14
initially may be given a negative charge and thus be used to
purily positively charged molecules from the initial liquad
sample 4.

A primary use of electrical charged segregation 1s puri-
fication of genetic materials after a nucleic acid amplifica-
tion event. After completion of the step of thermal cycling
of a suitable sample to amplity DNA 1n the sample, a very
high positive charge density may be placed on a pin 14 of the
pinned lid 10 by contacting the upper end of the pin with a
source of positive electrical charge 48. The surface of the
lower end 18 of the pin 14 also acquires a very high positive
charge. Anions (including the nucleic acids to be “puritied”)
rapidly bind to the surface of the pin 14. The charge density
applied to the pin 14 then 1s decreased until molecules of
only the desired charge (size) remain bound to the pin 14.
The pinned Iid 10 then 1s removed from the well plate 2,
which removes the pin 14 from the liquid sample 4. The
pinned lid 10 1s placed on a second well plate 2, which
immerses the bottom end 18 of the pin 14 into a second
solution. The electrical charge on the pin 14 then 1s reversed
such that the pin 14 becomes an anode containing a net
negative charge. The negative charge on the pin 14 repels the
negatively charged nucleic acid, and the nucleic acid 1s
released and driven into the second solution and 1solated
from the reaction products.

As an alternative, when the pin 14 1s placed into the
second solution, the net positive surface charge may be
decreased and not eliminated entirely. This decrease 1n the
charge density of the pin 14 causes smaller nucleic acid
fragments to be ecluted from the pin 14. By gradually
changing the surface charge, a serial purification of nucleic
acid fragments based on their relative charge density (size)
may be achieved.
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The very high net negative charge of DNA amplified by
the PCR reaction allows the DNA to be segregated and
separated from the unused reactants, other products, and
oligonucleotides 1n a single step. This technique also 1s used
for the purification of proteins, DNA, RNA, or other mol-
ecules from 96, 384, 1536, or other well plate 2 formats. The
net positive charge on the pin 14 can be precisely regulated
by the user to control the binding of anions to the surface of
the pin 14. Unlike conventional 1on exchange resins that
have a fixed net surface charge, the net surface charge on the
pin 14 can be selected by the user. At a very high surface
density of positive charge, many different anions will bind to
the pin 14. As the surface density of positive charge 1s
decreased, the more weakly bound anions will be released
into solution. By varying the net surface density of positive
charge, purification of the nucleic acid can be achieved. Very
precise control of the surface charge will allow separation of
nucleic acids that vary only slightly in their net charge (size).

Although this invention has been described and illustrated
by reference to specific embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made which clearly fall within the scope of this
invention. The present invention 1s mtended to be protected
broadly within the spirit and scope of the appended claims.

I claim:

1. An apparatus for manipulating a liquid sample stored 1n
at least one well of a well plate, the apparatus comprising:

a. a lid having an upper side and a lower side, said lower
side of said lid engaging the well plate;

b. at least one pin having an upper end and a lower end,
said upper end of said at least one pin penetrating said
upper side of said lid, said lower end of said at least one
pin extending through said lid into the at least one well
of the well plate,

c. energy transier means for selectively applying thermal
energy, sonic energy, and/or electric charge in any
sequence to or from said upper end of said at least one
pin, said at least one pin transferring said applied
energy or charge to or from the liquid sample.

2. The apparatus of claim 1, further comprising:

a. said lower end of said at least one pin being in physical
contact with the liquid sample;

b. said energy transier means comprising means to apply
sonic energy to said upper end of said at least one pin,
said at least one pin transmitting said sonic energy
through said lid to the liquid sample, said sonic energy
sonicating the liquid sample.

3. The apparatus of claim 2, said means to apply sonic
energy to said upper end of said at least one pin comprising
a sonic horn.

4. The apparatus of claim 3 further comprising:

a. said sonic horn applying a mechanical pressure to said

at least one pin;

b. said at least one pin being resiliently connected to said
lid such that said pin may move in response to said
mechanical pressure by said sonic horn.

5. The apparatus of claim 4 said resilient connection of

said at least one pin to said lid further comprising:

a. said Iid defiming a hole conforming generally to said at
least one pin;

b. said hole having a cross-sectional area operably the
same as or larger than a cross-sectional area of said pin,
said pin being disposed within said hole;

c. aresilient layer being disposed on the upper side of said
l1d;

d. said upper side of said lid defining a plane, said at least
one pin engaging said resilient layer such that said
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mechanical pressure applied to said at least one pin
causes said at least one pin to move i a direction
normal to said plane, said motion being resiliently
opposed by said resilient laver.

6. The apparatus of claim 3, further comprising: said
engagement between said lower side of said lid and the well
plate being a sealable engagement, said degree of sealable
engagement being selected so as to prevent escape of the
liquid sample from the well when said means to apply sonic
energy 1s sonicating the liquid sample.

7. The apparatus of claim 6 further comprising: a resilient
gasket disposed between said lower side of said lid and the
well plate, said sealable engagement between said lower side
of said l1id and the well plate comprising said gasket sealably
engaging said well plate and said gasket sealably engaging
said Iid.

8. The apparatus of claim 7 further comprising: said
energy transier means comprising means to regulate the
temperature of the upper end of said at least one pin, thereby
regulating the temperature of the lower end of said at least
one pin and regulating the temperature of the liquid sample.

9. The apparatus of claim 8, said means to regulate the
temperature of the upper end of said at least one pin
comprising a peltier device, a heat block, or a stream of
heated or cooled arr.

10. The apparatus of claim 9, further comprising:

a. said at least one pin being capable of supporting an

clectrical charge;

b. said energy transier means comprising means to selec-
tively apply an electrical charge to said at least one pin.

11. The apparatus of claim 10, further comprising:

a. said means to selectively apply an electrical charge to
said at least one pin comprising applying an electrical
charge to said upper end of said at least one pin;

b. said electrical charge being of suilicient magnitude and
duration so as to cause electrical charge segregation of
the liquid sample.

12. The apparatus of claim 1 further comprising: said at
least one pin being resiliently connected to said 11id such that
said pin may move 1n response to a mechanical pressure
applied to said upper end of said pin.

13. The apparatus of claim 12 said resilient connection of
said at least one pin to said lid further comprising:

a. said lid defining a hole conforming generally to said at

least one pin;

b. said hole having a cross-sectional area operably the
same as or larger than a cross-sectional area of said pin,
said pin being disposed withun said hole;

c. a resilient layer being disposed on the upper side of said
l1d;

d. said upper side of said lid defining a plane, said at least
one pin engaging said resilient layer such that said
mechanical pressure applied to said at least one pin
causes said at least one pin to move in a direction
normal to said plane, said motion being resiliently
opposed by said resilient layer.

14. A method for manipulating a liquid sample 1n a well

of a well plate comprising the steps of:

a. placing the liquid sample 1n the well of the well plate;

b. placing a lid on the well plate, said lid having an upper
side and a lower side, said lid having at least one pin
having an upper end and a lower end, said pin pen-
etrating said lid, said upper end of said pin extending to
said upper side of said lid, said lower end of said pin
extending into the well of the well plate, said lower end
of said pin physically contacting the liquid sample;
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c. selectively and 1n any sequence applying thermal, clectrical charge of a suilicient magnitude and duration to
sonic, and/or electrical energy to said upper end of said said upper end of said at least one pin to attract an 10n having
at least one pin, said pin transmitting said energy to said an opposite charge from the liquid sample and reversibly
lower end of said at least one pin. binding said 1on to said lower end of said pin.

15. The method of claim 14, further comprsing: said 5 18. The method of claim 17 further comprising:
sonic energy being transmitted by said at least one pin to the

liguud sample, said sonic energy sonicating the liquid
sample; said lower side of said lid sealably engaging the well
plate with a degree of sealable engagement selected so as to
prevent an escape of the liquid sample during sonication of 10

the liguid sample.
16. The method of claim 15 further comprising: said

a. removing said lid from the well plate while said 1on 1s
bound to said at least one pin;

b. engaging said lid with a second well plate, said second
well plate having a well containing an approprate
reagent, said reagent physically contacting said lower
end of said at least one pin;

thermal energy being applied or removed by adding heat or c. adjusting said electric.:al f:harge applif?d to sa.id pin to
removing heat from said upper end of said at least one pin, selectably release said 1on from said pin into said
thereby adding or removing heat from the liquid sample. 15 reagent.

17. The method of claim 15 further comprising: said
applying of said electrical energy comprising applying an £k ok k%
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